Studies on ultrasound and autism are sporadically published, examining their relationship in two contexts, i. e. in the context of fetal ultrasound as a prediction tool for the development of autism in infant life, and in the context of prenatal ultrasound as a risk factor for autism.
The rationale for identifying fetuses at risk for ASD is that intervention in early infancy, before the onset of symptoms, may improve their outcomes in a cost-effective way [6, 7] . Therefore, given that atypical postnatal head growth trajectories had been reported in children with ASD [8, 9] , fetal growth has been an obvious candidate ultrasound marker for prenatal prediction of autism. A population-based Swedish case-control study comparing fetal growth of more than 4,000 children with ASD to more than 36,000 matched controls identified increased risk for ASD for both children with decreased fetal growth (less than two standard deviations below the mean), and children with excessive fetal growth (more than two standard deviations above the mean). Moreover, preterm birth was independently associated with ASD, regardless of fetal growth [10] . Therefore, screening for and prevention of preterm birth at midtrimester scan could theoretically modify one of the risk factors for ASD. Second-trimester fetal growth may not be as an accurate predictor; two small case-control studies reported no difference between ASD cases and controls in fetal growth parameters, i. e. head circumference (HC) at 18 weeks [11] and second trimester biparietal diameter (BPD), abdominal circumference (AC) and femoral length (FL) [12] . Notably, the latter study reported a significant AC decrease in the subgroup of patients with multiplex ASD, i. e. ASD with schizophrenic symptoms [12] .
There are several minor physical findings in children with ASD. Some of these (e. g. increased volume of the cerebellum, increased volume of the cerebral ventricles, high steeped or narrow palate and decreased second to fourth digit length ratio) may be assessed prenatally by ultrasound imaging, defining a fetus as potentially at increased risk for autism [13] . However, these findings are not consistent and represent mere associations, as does fetal gender, in that male fetuses could be four to five times more likely to have ASD in childhood than female ones.
Quite recently, a registry-based Danish study (unselected cohort of more than 220,000 euploid foetuses; follow-up to the age of 4.4 years) reported that nuchal translucency above the 99th percentile was associated to 2.48 times increased odds for the development of ASD. The association was stronger (OR2.60) when children with structural malformations were excluded. Still, the absolute risk was very low overall (< 1 %) [14] .
However, as strong as a statistical association may be for certain findings, there are three debilitating problems with ultrasound-based markers: (i) they have low specificity, in that they are commonly found in foetuses with normal development, (ii) they do not have an apparent etiological link with autism and (iii) there is no confirmatory test for foetuses identified as at high risk.
Regarding the potential role of prenatal ultrasound itself as a causative factor for autism, a statistical concern has arisen by the observation that ASD prevalence increases in parallel with the increase of global antenatal ultrasound use [15] . This issue was extensively discussed in a 2012 review [16] . The first axis for this discussion focused on the fact that ultrasound as a form of energy can have certain effects on live tissue [17] . For example, there are animal data indicating that prolonged ultrasound exposure can affect neuron migration during the development of the central nervous system [18] . No such effects have been demonstrated in humans, and the only effect of antenatal ultrasound possibly associated to a CNS-related phenomenon would be the weak association of nonright-handedness in boys, as it has been reported by the ISUOG-WHO fetal growth study group [19] . However, just being male would increase the risk for ASD by four to five times. The author of the review concludes that there is no evidence of a causal relationship between antenatal ultrasound and autism [16] . A larger cohort study in Sweden also failed to connect ASD to prenatal ultrasound examination at 12 or 18 weeks of gestation. The authors noted that, at the time of their study (1999 -2003) , prenatal ultrasound exposure used to be less frequent and utilized lower intensities than in later time, underlining the need for more research on higher prenatal ultrasound exposure [20] . This question was addressed by Stoch et al., who studied pregnancies with intensive prenatal ultrasound exposure (five examinations throughout pregnancy) compared to regular exposure (one single examination at 18 weeks of gestation and further scans as medically indicated). During their 20-yearfollow up, no significant link was found between the timing and frequency of ultrasound examination and ASD [21] .
So far, the only effect prenatal ultrasound exposure seems to have on human fetuses is a weak link to non-right-handedness. The biological effects shown on mice were not documented in studies on human fetuses and this might have happened because (a) the dosage and duration of in utero exposure was larger in animals compared to humans, (b) human tissues may be more resistant to ultrasound than those of mice, (c) the duration of intrauterine exposure was longer in animals compared to the shorter exposure throughout a 40 week gestation in humans and (d) it is not possible to have a direct comparison of ASD between humans and animals, as we can only discuss the possibility of autistic-like behaviour in the latter [22] .
Based on current data, there is no evidence of association between prenatal exposure to ultrasound and ASD. Apart from finding a causative pathway, a potential link between prenatal ultrasound and ASD would require adjusting for technical parameters (e. g. frequency, time of exposure, probes used, thickness of abdominal wall -BMI, number of examinations, B-mode, Doppler etc) and also for significant confounders (e. g. conditions that have themselves been associated to autism, requiring more intensive ultrasound follow-up). Regarding the potential use of ultrasound for autism screening, technical limitations in imaging the fine structures of the fetal brain, together with evidence of later-onset postnatal changes, severely limits its sensitivity and specificity and, collectively, its feasibility as a screening tool.
